This paper aims to prove that the Herfindahl-Hirschman Index (HHI), which is widely used to describe the concentration of a given market, may not be a good competitiveness indicator as many authors assume when dealing with a mobile market. This paper shows that even if the HHI formula itself is not in doubt, but when used for a market which meets two basic criteria: it is regulated and has limited resources (the frequencies used to provide mobile service are not infinite, which implies the limitation on the number of firms in the segment), its result can be misleading. In a market segment, where the two previously mentioned conditions are met, the interpretation of an HHI output value is almost known in advance. According to the current interpretation of an HHI output value, no mobile market in the world is highly competitive, which elicits some questions.
Introduction
It is important to note that this article is not intended to prove whether the HHI formula is correct or wrong, but instead it provides an analysis of a correct interpretation of an index output value for some specific markets. As already reported in literature (Rimantas Stanikūnas, 2011) , the vast majority of authors dealing with market concentration would use the output as a means of defining the status of the mobile market. Hence, we aim first to look at the specificity of the mobile market before discussing the usage of the HHI when dealing with concentration in such a market. We will show later that the direct or assumed correlation between the market concentration and domination power or lack of competition may not be as direct as many authors imply. The proper usage of an HHI value is quite critical, since many market regulators will consider it in their decisions to approve or disapprove a merger or acquisition. In our view, there are two key characteristics that could be attributed to the mobile market:
• Its heavy regulation.
• Limitation of resources enabling a provision of services (radio frequencies).
There are also other important indicators which could hint whether a high concentration index means automatically a dominant power. Those are:
a. The cost for entering this segment is high.
b. The speed at which the technology is evolving changes the way the service is delivered and consumed.
c. The existence and the number of independent MVNOs (Virtual Mobile Network Operator) could make a big difference. From the above mentioned indicators is evident that more factors need to be taken into consideration when interpreting the HHI output for the mobile market. We will evaluate the impact of these factors on the interpretation of the HHI outputs later.
The research strategy adopted here is to look at the specificity of the market concerned to analyze the characteristics of this market and to apply the HHI output interpretation before discussing our observations.
Mobile Communication Market
The history of mobile market evolution can help us understand the criteria that will be used to question the automatic usage of the HHI when evaluating a mobile market.
Mobile communication has evolved from the service provided initially by state-owned telecommunication companies to a segment where the presence of the state has become an exception rather than the rule. Almost in all countries, mobile service providers started as fix line telecommunication providers. With the evolution of technology together with social demand, they swiftly added mobile service offerings. Nowadays, one aspect which significantly influences our lives is mobile communication.
From another perspective, the impact of telecommunication, in general, and mobile communication, in particular, on our social and economic life was phenomenal in the last few years. But the key resources needed to enable the communication (the radio frequencies) are limited, The limitation of these resources explains why each country has a limited number of licensed mobile network operators (MNO). In Table 1 , the number of MNOs in a given number of countries worldwide is illustrated. This indicates that the number of players in this market segment is and will always be limited, and we will see later what effect this limitation has on the HHI.
As indicated in (Lucio Fuentelsaz, Juan Pablo Maıcas Ã, Yolanda Polo, 2008) there were and still are debates about the best way to achieve the right balance between healthy competition and managing the frequencies which are valuable national resources that deserve a great attention. Once the frequencies for mobile services were allocated, the incumbent fix line telecommunication operators exploited their advantages, i.e. existing customer database and know-how to dominate the market from start. Hence, we could argue that a mobile communication market started either as a monopoly or quasi monopoly segment. This situation is bolstered by inertia, which leads to situations in which it was difficult for the existing mobile consumers to leave the incumbent operator(s) and switch to other rivals with a smaller presence in the market. Moreover, newcomers to the industry take the existing operator as the reference point when making their commercial decisions. As a result, the established companies reinforce their position, reducing the expected performance of new entrants. Once this argument is taken into account, one can understand why it is almost impossible to have a mobile market, where the dominant player has a share lower than 10% (this number is crucial and will be discussed below). Since the number of operators nowadays varies mostly only through a merger and acquisition, the market share of the market leader is unlikely to fall under 10%.
Another important factor in the mobile market that worth mentioning is the presence of mobile virtual network operators (MVNO). Almost in all mature markets, regulations have been put in place to facilitate the entrance of MVNOs as a means of increasing competition (Aboubacry Diallo, 2014) . Since the strategies of some of these MVNOs (service providers without own infrastructures) reshaped the market demand (e.g. the operator FREE managed to achieve a large market share in a very short time in France when it entered the market with an offer of "eat all you can" voice call, sms and data for €20 per month), the inclusion of these MVNOs or their exclusion in the market definition could impact the HHI output interpretation as well as the relation between the concentration and competition. Market share can be expressed either in percentage or in whole number. If the whole numbers (e.g. 0.25 market share) are used, the maximum value of H is 1, while if expressed in percent (e.g. 25% market share), the maximum value of the index can range up to 100 2 , or 10,000. Highly competitive H ≤100 H ≤100
Is not concentrated 100 < H < 1000 100 < H < 1500
Is moderately concentrated 1000 < H < 1800 1500 < H < 2500
Highly concentrated H > 1800 H > 2500
The interpretation of the output indicates that the smaller the H value is, the less concentrated the market is, hence the more competitive it is supposed to be. This direct assumption will be discussed at the end of this paper, since H will always be of a high value for some specific markets.
When defining a market concentration, the HHI is the most commonly used parameter. This widespread usage may come from the simplicity of the formula combined with the easiness of the output interpretation leading to a wide criticism for such blunt usage. In Mark G. Lijesen (2004) the criticism related to the index was divided in two key aspects:  The first one questions the robustness of the market definition.  The second one doubts the direct relation between the concentration and market power.
Triole (1988) addressed the second part by indicating that the market concentration measures, in general, ignore other important factors determining a market power, such as the cost of entry and asymmetry in costs or demands.
This lack of unanimity on the meaningfulness of the index usage for all types of industry has led some authors to calculate a coefficient that would reflect the specificity of the addressed segment and to multiply the index as standardly calculated with this new coefficient as shown in Mark G. Lijesen (2004) , when the HHI for an Oslo general practitioner market was looked at.
To address this unbalance in the interpretation of the outputs, some authors, Brown suggested using a normalized index expressed as:
where N = the number of firms in the considered market. V = the statistical variance of the firm market share.
defined as:
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Applying the H-Index to a Mobile Market
As already mentioned above, the mobile market has some specificity that needs to be taken into account when interpreting the H output value. In each mobile market, H will be calculated as follows:
where S 1 is a share of the firm 1, S 2 is a share of the firm 2 etc. Source: Regulator´s market share data is used for an index calculation. The 2012 data does not take in to account the share of the newly started MVNO.
We can see that once there is one single firm with a market share equal or higher than 10%; then we may not need to calculate the H-index to define market as competitive , since the holistic interpretation of the H output value based on Table 2 would mean that the market could not be described as highly competitive. H = 100 + S 2 2 + S 3 2 +...+ S n 2 If we assume a firm having a share of 10%, then whatever the market share of the others firms are, the output of H would indicate that such a market cannot be defined as highly competitive, regardless the market shares of other players.
If we follow the same logic, no mobile market in the world would satisfy the definition of "highly competitive" based on the H output value interpretation in Table 2 .
The reason why we come to this output is that the maximum value of n (in the HHI formula) is limited here (if we consider MNOs only, the number of players is likely to be less than 20, see Table 1 ; if we take MVNOs into consideration, the value of n would not still be infinite). For every mobile market also the leading player is likely to have a share higher than 10% as explained. There are the arguments why, for every mobile market in the world, the value of H will be higher than 100:  i is limited (the number of players is limited). 
In some markets there are MVNOs that could play a key role in the market even if they might have a small impact on the H output value (MVNOs taken individually tend to have a small market share).  Due to historical evolution, the major player in any selected mobile market is likely to have a market share higher than 10%. firms in the market (which could be useful in the markets, where there are dozens or hundreds of MVNOs). The formula defining the Rosenbluth index is:
where Si is an i-th competitor's market share.
i is a competitor's ranking in the market, where i varies from 1 to n.
n is the number of competitors in the selected market segment.
As it was done for the HHI, a different output value of R would indicate a different level of concentration in the ranges similar to those in Table 2: for R <1000 … a very low concentration.
for R = 1000 -1800, a moderate concentration. for R >1800 a high level of concentration.
The calculation of R was shown above in Table 3 : the Czech MNOs market share in %, HHI and R indexes.
Again if we apply the argument that the number of firms in the segment is limited, we can conclude that both indexes would have the same weaknesses, except for the later which may be more indicative if there are many small players (namely MVNOs) with very small market shares. The table also shows the difference and the evolution of both indexes.
Discussion
Stanikūnas, Burinskas (2011) denoted that only 0.01% of the authors dealing with the concentration of the mobile market had presented an analysis of such a concentration. In the literature, almost all authors dealing with the mobile market use H mechanically to indicate a market concentration. We calculated H for all EU countries individually and did the same calculations for different mobile markets in different region of the globe. None of them had an index value below 1500. Does this mean that there is no highly competitive mobile market in the world? The answer is definitely no.
Besides the two criticisms of the HHI mentioned in Section 3, we can add a third one based on the argument of market specificity. It is clear now that once a market segment meets at least the following two criteria: -The market is regulated with a high barrier to entry.
-The key resource necessary to provide the service in a selected market segment is limited. then a holistic interpretation of H output value range could provide distorted market definition. We can notice that, if the market meets the above mentioned criteria, its H value will be higher than 100; i.e. it cannot be defined as highly competitive if we use H as a sole parameter.
Conclusion
In this paper, we have shown that, while the HHI may be a useful parameter to gauge a market concentration (implying a competition level), the way the output interpretation is used could provide a distorted view on the mobile market definition. We know now that the result of H value will be higher than 100 before any calculation is done, which means that no mobile market is highly competitive, which is a wrong statement. This approach could be used to prove the same result for any regulated market with limited resources.
